organic compounds 



CrossMark 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

1-(2-Chlorobenzyl)-3-methyl-2,6- 
diphenylpiperidine 

Chennan Ramalingan,' 1 * Seik Weng Ng b c and 
Edward R. T. Tiekink b * 

a Centre for Nanotechnology, Department of Chemistry, Kalasalingam University, 
Krishnankoil 626 1 26, Tamilnadu, India, b Department of Chemistry, University of 
Malaya, 50603 Kuala Lumpur, Malaysia, and c Chemistry Department and Faculty of 
Science, King Abdulaziz University, PO Box 80203 Jeddah, Saudi Arabia 
Correspondence e-mail: edward.tiekink@gmail.com 

Received 25 June 2012; accepted 27 June 2012 

Key indicators: single-crystal X-ray study; T = 1 00 K; mean cr(C-C) = 0.006 A; 
R factor = 0.074; wR factor = 0.185; data-to-parameter ratio = 19.2. 



In the title compound, C25H26CIN, the piperidine ring has a 
chair conformation with all ring substituents in equatorial 
positions. The dihedral angle formed between the chloro- 
benzene ring and the flanking phenyl rings are 74.91 (18) and 
47.86 (17)°. The chloro substituent is anti to the piperidine N 
atom. In the crystal, centrosymmetrically related molecules 
aggregate via tt-tt interactions occurring between chloro- 
benzene rings [centroid-centroid distance = 3.778 (2) A] and 
these are linked into linear supramolecular chains along the a 
axis by C— H- ■ -n interactions occurring between the phenyl 
rings. 

Related literature 

For the biological activity of piperidine derivatives, see: 
Ramalingan et al. (2004); Ramachandran et al. (2011). For a 
related structure, see: Ramalingan et al. (2012). 




Triclinic, PI 
a = 10.0878 (7) A 
b = 10.2837 (5) A 
c = 11.3583 (7) A 
a = 94.150 (5)° 
/3 = 107.713 (6)° 
y = 111.065 (5)° 

Data collection 

Agilent SuperNova Dual 
diffractometer with an Atlas 
detector 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2012) 
T min = 0.495, r maI = 1.000 

Refinement 

R[F 2 > 2a(F 2 )} = 0.074 

wR(F 2 ) = 0.185 

S = 1.03 

4678 reflections 

244 parameters 



V = 1025.32 (11) A J 
Z = 2 

Mo Ka radiation 
fi = 0.20 mm -1 
T = 100 K 

0.25 x 0.15 x 0.03 mm 



7033 measured reflections 
4678 independent reflections 
2850 reflections with / > 2a(I) 
R iM = 0.034 



12 restraints 

H-atom parameters constrained 
A/W = 0.72 e A~ 3 
A,o m i„ = -0.47 e A~ 3 



Table 1 

Hydrogen-bond geometry (A, °). 
Cgl is the centroid of the C20-C25 ring. 



D-H-A 


D-H 


H- ■ A 


D-A 


D-H-A 


C17-H17---Cgl' 


0.95 


2.S3 


3.692 (4) 


151 


Symmetry code: (i 


x, y, z + 1. 









Experimental 

Crystal data 
C2 5 H 26 C1N 



Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 1997) and DIAMOND (Bran- 
denburg, 2006); software used to prepare material for publication: 
publCIF (Westrip, 2010). 

The authors are grateful for facilities provided by the 
Chairman/Management of Kalasalingam University, and 
thank the Ministry of Higher Education (Malaysia) for 
funding structural studies through the High-Impact Research 
scheme (UM.C/HIR/MOHE/SC/3). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HB6872). 
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1-(2-Chlorobenzyl)-3-methyl-2,6-diphenylpiperidine 
Chennan Ramalingan, Seik Weng Ng and Edward R. T. Tiekink 

Comment 

Piperidine derivatives are an important class of heterocyclic compounds with potential applications in medicinal 
chemistry as these can be frequently recognized in the structures of various synthetic targets as well as naturally 
occurring alkaloids (Ramalingan et al, 2004; Ramachandran et al, 2011). The title compound, (I), was designed and 
synthesized to evaluate its biological properties. The crystal structure determination was undertaken in order to establish 
conformational details. 

In (I), Fig. 1, the piperidine ring has a chair conformation and all ring-substituents occupy equatorial positions. The 
dihedral angle formed between the C1-C6 benzene ring and the flanking C14-C19 and C20-C25 phenyl rings are 74.91 
(18) and 47.86 (17)°, respectively; the dihedral angle between the phenyl rings is 58.93 (18)°. In a comparable molecule, 
having an extra C-bound methyl group (Ramalingan et al, 2012), these substituents were found to occupy the same 
positions. The chloro substituent is anti to the piperidine-N atom. 

In the crystal packing, centrosymmetrically related molecules aggregate via n — n interactions occurring between chloro- 
benzene rings [inter-centroid distance = 3.778 (2) A for symmetry operation 2 - x, 1 -y, 1 - z]. These are linked into linear 
supramolecular chains along the a axis by C — H— 7r interactions whereby a phenyl-H17 atom associates with the C20 — 
C25 ring, Fig. 2 and Table 1 . Chains aggregate into layers in the ab plane without specific intermolecular interactions 
between them, Fig. 3. 

Experimental 

A starting material, 3-methyl-2,6-diphenylpiperidine, was synthesized from benzaldehyde, 2-butanone and ammonium 
acetate through a Mannich-type reaction (for a typical synthesis, see Ramalingan et al. (2004)) followed by standard 
Wolff-Kishner reduction using hydrazine hydrate in diethylene glycol. l-(2-Chlorobenzyl)-3-methyl-2,6-diphenyl- 
piperidine was then synthesized as follows. To a DMF solution (15 ml) of 3-methyl-2,6-diphenylpiperidine (1.26 g, 0.005 
mol) was added potassium ter/-butoxide (0.67 g, 0.006 mol). The mixture was stirred for 30 minutes and 2-chlorobenzyl 
bromide (0.78 ml, 0.006 mol) was added drop-wise. Stirring was continued overnight before aqueous work-up. 
Extraction with diethyl ether followed by column chromatography separation using n-hexane/ethyl acetate (100:4) as an 
eluent eventually provided the pure title compound as a white solid. Re-crystallization was performed by slow 
evaporation of its ethanolic solution which afforded colourless plates. M.pt: 352-353 K. Yield: 83%. 

Refinement 

Carbon-bound H-atoms were placed in calculated positions [C — H = 0.95-1.00 A, C/ iS0 (H) = 1 .2—1 .5 L4 q (C)] and were 
included in the refinement in the riding model approximation. The anisotropic displacement parameters for the C3 and C4 
atoms were constrained to be nearly isotropic. 
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Computing details 

Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: CrysAlis PRO (Agilent, 2012); data reduction: CrysAlis 
PRO (Agilent, 2012); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 1997) and DIAMOND 
(Brandenburg, 2006); software used to prepare material for publication: publCIF (Westrip, 2010). 




Figure 1 

The molecular structure of (I) showing displacement ellipsoids at the 50% probability level. 




A view of the supramolecular chain in (I) sustained by C — W-n and it — n interactions which are shown as orange and 
purple dashed lines, respectively 



Acta Cryst. (2012). E68, o2300 



sup-2 



supplementary materials 




Figure 3 

A view in projection down the a axis of the unit-cell contents for (I). The C — H-x and n — n interactions are shown as 
orange and purple dashed lines, respectively. 

1-(2-Chlorobenzyl)-3-methyl-2,6-diphenylpiperidine 

Crystal data 

C 25 H 26 C1N 
M r = 375.92 
Triclinic, PI 
Hall symbol: -P 1 
a= 10.0878 (7) A 
b = 10.2837 (5) A 
c= 11.3583 (7) A 
a = 94.150 (5)° 
y5 = 107.713 (6)° 
y= 111.065 (5)° 
V= 1025.32 (11) A 3 

Data collection 

Agilent SuperNova Dual 

diffractometer with an Atlas detector 
Radiation source: SuperNova (Mo) X-ray 

Source 
Mirror monochromator 
Detector resolution: 10.4041 pixels mm 1 
oj scan 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2012) 



Z=2 

P(000) = 400 

D x = 1.218 MgirT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 1908 reflections 

(9 = 2.4-27.5° 

fi = 0.20 mirr 1 

T= 100 K 

Plate, colourless 

0.25 x 0.15 x 0.03 mm 



7U= 0.495, 7/ max = 1.000 
7033 measured reflections 
4678 independent reflections 
2850 reflections with/> 2a(I) 
R mt = 0.034 

dmax = 27.6°, Omin = 2.4° 

h = -13— »9 
/ = -13-»14 



Acta Cryst. (2012). E68, o2300 



sup-3 



supplementary materials 



Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F- > 2a(F 2 )] = 0.074 

wR(F 1 ) = 0.185 

S = 1.03 

4678 reflections 

244 parameters 

12 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = 1/KiV) + (0.0541P) 2 + 1.0947P] 

where P = (F 2 + 2F 2 )/3 
(A/ f j) max < 0.001 
A/w = 0.72 e A" 3 
A/w = -0.47 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 1 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. _/?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


XI */U 


Cll 


0.71459(12) 


0.30264 (9) 


0.23928 (9) 


0.0512(3) 


CI 


0.8802 (4) 


0.4580 (4) 


0.3038 (3) 


0.0395 (8) 


C2 


1.0149 (5) 


0.4438 (5) 


0.3581 (3) 


0.0522 (10) 


H2 


1.0170 


0.3523 


0.3591 


0.063* 


C3 


1.1464 (5) 


0.5651 (6) 


0.4110(4) 


0.0622 (12) 


H3 


1.2396 


0.5560 


0.4494 


0.075* 


C4 


1.1470 (4) 


0.7006 (5) 


0.4099 (3) 


0.0482 (10) 


H4 


1.2386 


0.7836 


0.4462 


0.058* 


C5 


1.0061 (4) 


0.7099 (4) 


0.3528 (3) 


0.0395 (8) 


H5 


1.0039 


0.8013 


0.3505 


0.047* 


C6 


0.8716(3) 


0.5909 (3) 


0.3004 (3) 


0.0284 (7) 


Nl 


0.7224 (3) 


0.7408 (2) 


0.2310(2) 


0.0260 (6) 


C7 


0.7188 (3) 


0.5974 (3) 


0.2470 (3) 


0.0287 (7) 


H7A 


0.6623 


0.5315 


0.1637 


0.034* 


H7B 


0.6614 


0.5625 


0.3032 


0.034* 


C8 


0.6816(4) 


0.7457 (3) 


0.0938 (3) 


0.0308 (7) 


H8 


0.5797 


0.6671 


0.0471 


0.037* 


C9 


0.6704 (4) 


0.8861 (3) 


0.0710(3) 


0.0390 (8) 


H9A 


0.6383 


0.8849 


-0.0207 


0.047* 


H9B 


0.7715 


0.9652 


0.1128 


0.047* 


C10 


0.5567 (4) 


0.9107 (4) 


0.1226 (3) 


0.0386 (8) 


H10A 


0.5526 


1.0033 


0.1086 


0.046* 


H10B 


0.4542 


0.8349 


0.0773 


0.046* 


Cll 


0.6033 (4) 


0.9101 (3) 


0.2629 (3) 


0.0367 (8) 


Hll 


0.7050 


0.9898 


0.3071 


0.044* 


C12 


0.6174 (4) 


0.7696 (3) 


0.2865 (3) 


0.0289 (7) 
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H12 


A f 1 /If 

0.5145 




0.6903 


0.2462 


A A1 C * 

0.035* 




C13 


a /iooi /c\ 
0.400Z (5) 




a ni CI f A\ 

0.9353 (4) 


0.3160 (5) 


A ACAO /1 A\ 

0.0500 (10) 




TT1 T » 

H13A 


A A o 1 a 

0.4819 




1 ao c r 

1.0256 


A AAO 

0.2998 


0.076* 




H13H 


0.5220 




a c\i on 


a a c\n^ 
0.40 11 


A A*7£* 

0.0 /6* 




tti 

H13C 


A 1 O O A 

0.3oo0 




A OCT) 

0.o573 


A T7 A H 

0.2747 


0.076* 




C14 


0.6 /l / (5) 




0. / /31 (3) 


0.42 /3 (3) 


A AO ZH ( CZ\ 

0.025 / (6) 




C15 


A O 1 O/' / /I \ 

0.8186 (4) 




A Of Ot /"l \ 

0.8583 (3) 


a f An /i\ 

0.5027 (3) 


0.0373 (8) 




HI J 


A OOTI 

O.oo 15 




0.9119 


0.4653 


A A/1 C * 

0.045* 




pi / 

Clo 


A 0/T07 / /I \ 

0.005 / (4) 




A 0£"70 / A \ 

O.oo/o (4) 


0.6320 (3) 


A A/1TC /A\ 

0.0425 (9) 




H16 


A A*7 1 A 

0.9/14 




a m/: 1 

0.9261 


0.6o22 


A AC 1 * 

0.051* 




C17 


0.7699 (4) 




A TAI A / A \ 

0.7930 (4) 


0.6883 (3) 


A A A ") A /A\ 

0.0430 (9) 




HI / 


A OA1A 

0.o030 




A OA 1 T 

O.oOl / 


A T7T3 

0. / / 15 


A ACT* 

0.052* 






A /TO /I O \ 

0.6z4o (p) 




0. /0 / 1 (4) 


A A 1 C 1 /"2\ 

0.615 1 (3 ) 


A ACT? ( \ 1 \ 

0.053 / (11) 




T T 1 O 

H18 


A C C /"/"" 

0.5566 




A f C /I /I 

0.6544 


0.6532 


A A/" yl A 

0.064* 




C19 


f\ CH A A ( A\ 

0.5744 (4) 




A /TACA //I \ 

0.6950 (4) 


0.4837 (3) 


A A A A 1 /A\ 

0.0443 (9) 




TTI A 

H19 


0.4730 




0.6330 


0.4333 


A Af I* 

0.053* 




C20 


A "70£/l tA\ 

U. /9j4 (4) 




<J. /Zll (j) 


A A/1 /IT 

U.U44Z (J ) 


0.0Z99 ( /) 




C21 


0.7525 (4) 




0.5955 (3) 


A A/in/' \ 

-0.0406 (3) 


A A") /""7 ZO\ 

0.0367 (8) 




t n 1 

H21 


A £ C 1 1 

0.6511 




A C l/TI 

0.5262 


A A^Ti 

-0.0672 


A A A A * 

0.044* 




C22 


A o c c /" /r\ 

0.8556 (5) 




A f 7A1 / y| \ 

0.5702 (4) 


A AO T A /")\ 

-0.0870 (3) 


A A A C A / A \ 

0.0459 (9) 




T_m 
tiZZ 


U.5Z4 / 




U.48JS 


A 1 A A 1 

— U. 1441 


A A<£* 




CTK 

vZj 


1 nn?9 f^i 

1 .UUZZ J 




A 67A4 fzH 
U.O / \JH \H ) 


—A A^AA {I} 






H23 


1.0730 




0.6536 


-0.0814 


0.059* 




C24 


1.0459 (4) 




0.7955 (4) 


0.0331 (3) 


0.0488 (10) 




H24 


1.1470 




0.8651 


0.0587 


0.059* 




C25 


0.9436 (4) 




0.8202 (4) 


0.0791 (3) 


0.0412 (9) 




H25 


0.9754 




0.9071 


0.1360 


0.049* 




Atomic displacement parameters (A 2 ) 






U 22 








IP 


Cll 


0.0784 (7) 


0.0327 (4) 


0.0474 (5) 


0.0239 (5) 


0.0270 (5) 


0.0073 (4) 


CI 


0.053 (2) 


0.053 (2) 


0.0308 (16) 


0.0303 (18) 


0.0270(16) 


0.0130(15) 


C2 


0.069 (3) 


0.083 (3) 


0.039 (2) 


0.054 (3) 


0.035 (2) 


0.023 (2) 


C3 


0.047 (2) 


0.119(4) 


0.042 (2) 


0.047 (3) 


0.0269 (19) 


0.024 (2) 


C4 


0.0341 (19) 


0.082 (3) 


0.0307 (18) 


0.0177(19) 


0.0204 (15) 


0.0145(18) 


C5 


0.0325 (18) 


0.052 (2) 


0.0270 (16) 


0.0060 (16) 


0.0147(15) 


0.0051 (15) 


C6 


0.0312(16) 


0.0384 (17) 


0.0195 (14) 


0.0126(14) 


0.0158(13) 


0.0069 (12) 


Nl 


0.0342 (14) 


0.0246 (12) 


0.0213(12) 


0.0102(11) 


0.0147(11) 


0.0053 (10) 


C7 


0.0316(17) 


0.0235 (14) 


0.0290 (15) 


0.0065 (13) 


0.0140(13) 


0.0037 (12) 


C8 


0.0398 (18) 


0.0295 (15) 


0.0222 (14) 


0.0105 (14) 


0.0145 (14) 


0.0025 (12) 


C9 


0.062 (2) 


0.0353 (17) 


0.0218 (15) 


0.0190(17) 


0.0173 (16) 


0.0092 (13) 


CIO 


0.060 (2) 


0.0386(18) 


0.0266 (16) 


0.0283 (17) 


0.0165(16) 


0.0123 (14) 


Cll 


0.055 (2) 


0.0365 (17) 


0.0253 (15) 


0.0243 (16) 


0.0160(15) 


0.0082 (13) 


C12 


0.0338 (17) 


0.0297 (15) 


0.0243 (15) 


0.0112(13) 


0.0136(13) 


0.0049 (12) 


C13 


0.070 (3) 


0.058 (2) 


0.042 (2) 


0.038 (2) 


0.026 (2) 


0.0164(18) 


C14 


0.0306 (16) 


0.0254 (14) 


0.0227 (14) 


0.0107(13) 


0.0124(13) 


0.0040 (12) 


C15 


0.0389 (19) 


0.0342 (17) 


0.0284 (16) 


0.0018 (15) 


0.0147(15) 


0.0005 (14) 


C16 


0.042 (2) 


0.046 (2) 


0.0263 (16) 


0.0095 (17) 


0.0070(16) 


-0.0050 (15) 


C17 


0.062 (2) 


0.0429 (19) 


0.0227 (15) 


0.0210(18) 


0.0136(17) 


0.0072 (14) 
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U.U3V [2) 


O.OoO {2) 


A A1 O /OA 

U.Ujo (z) 


A AAA f1\ 

o.ooy [2) 


o.ozyj (iy) 




ciy 




A AC A ZO\ 

O.OjO (2) 


A A1 CC / 1 C>\ 
U.OJjJ (15) 


0.00J5 (1 /) 


A A 1 C /I / 1 jC\ 

0.0 1M (loj 


A AATO /1 /CA 

(J. 00/8 (lo) 


v-ZU 










0 01 S7 /'I ^ 


0 006 S H 9^ 


C21 


0.045 (2) 


0.0311 (16) 


0.0293 (16) 


0.0087 (15) 


0.0151 (15) 


0.0039 (13) 


C22 


0.072 (3) 


0.046 (2) 


0.0320 (18) 


0.031 (2) 


0.0261 (19) 


0.0075 (16) 


C23 


0.059 (2) 


0.076 (3) 


0.0330 (18) 


0.037 (2) 


0.0304 (18) 


0.0223 (19) 


C24 


0.045 (2) 


0.065 (2) 


0.0323 (18) 


0.0119(19) 


0.0200(17) 


0.0140(18) 


C25 


0.047 (2) 


0.0412 (19) 


0.0279 (16) 


0.0066(17) 


0.0176(16) 


0.0005 (14) 



Geometric parameters (A, °) 



Cll— CI 


1.746(4) 


Cll— HI 1 


1.0000 


CI— C2 


1.376 (5) 


C12— C14 


1.518 (4) 


CI— C6 


1.402 (5) 


C12— H12 


1.0000 


C2— C3 


1.376 (6) 


C13— H13A 


0.9800 


C2— H2 


0.9500 


C13— H13B 


0.9800 


C3— C4 


1.393 (6) 


C13— H13C 


0.9800 


C3— H3 


0.9500 


C14— C15 


1.372 (4) 


C4— C5 


1.413 (5) 


C14— C19 


1.381 (4) 


C4— H4 


0.9500 


C15— C16 


1.384 (4) 


C5— C6 


1.379(4) 


C15— H15 


0.9500 


C5— H5 


0.9500 


C16— C17 


1.379 (5) 


C6— C7 


1.504 (4) 


C16— H16 


0.9500 


Nl — C12 


1.487 (4) 


C17 — C18 


1.355 (5) 


Nl— C7 


1.488 (4) 


C17— H17 


0.9500 


Nl— C8 


1.496 (4) 


C18— C19 


1.402 (5) 


C7— H7A 


0.9900 


C18— H18 


0.9500 


C7— H7B 


0.9900 


C19— H19 


0.9500 


C8— C20 


1.511 (4) 


C20— C25 


1.384 (4) 


C8— C9 


1.523 (4) 


C20— C21 


1.395 (4) 


C8— H8 


1.0000 


C21— C22 


1.391 (5) 


C9— C10 


1.523 (5) 


C21— H21 


0.9500 


C9— H9A 


0.9900 


C22— C23 


1.374 (5) 


C9— H9B 


0.9900 


C22— H22 


0.9500 


C10— Cll 


1.520 (4) 


C23— C24 


1.380 (5) 


C10— H10A 


0.9900 


C23— H23 


0.9500 


C10— H10B 


0.9900 


C24— C25 


1.378 (5) 


Cll— C12 


1.536 (4) 


C24— H24 


0.9500 


Cll— C13 


1.549 (5) 


C25— H25 


0.9500 


C2— CI— C6 


122.7 (4) 


C13— Cll— Hll 


108.3 


C2— CI— Cll 


117.7(3) 


Nl— C12— C14 


109.9 (2) 


C6— CI— Cll 


119.6(3) 


Nl— C12— Cll 


112.0(2) 


CI— C2— C3 


118.6(4) 


C14— C12— Cll 


109.8 (2) 


CI— C2— H2 


120.7 


Nl— C12— H12 


108.3 


C3— C2— H2 


120.7 


C14— C12— H12 


108.3 


C2— C3— C4 


122.0 (4) 


Cll— C12— H12 


108.3 


C2— C3— H3 


119.0 


Cll— C13— H13A 


109.5 


C4— C3— H3 


119.0 


Cll— C13— H13B 


109.5 


C3— C4— C5 


117.4(4) 


H13A— C13— H13B 


109.5 
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~) p A T T A 

C3 — C4 — H4 


121.3 


C5 — C4 — H4 


121.3 


p s PC f ' A 

C6 — C5 — C4 


1 11 1 / /I \ 

122.2 (4) 


p s /-if Tir 

C6 — C5 — H5 


1 1 o a 

118.9 


C4 — C5 — H5 


118.9 


C5 — C6 — CI 


117.1 (3) 


/-If P /- P^7 

C5 — C6 — C7 


in c fy \ 

123.5 (3) 


CI — C6 — C7 


119.4 (3) 


C12 — Nl — C7 


i no o /i \ 

108.8 (2) 


s~--\ 1 -"S "V T 1 /"I O 

Clz — Nl — C8 


1 1 1 i~i / 1 \ 

H2.7 (2) 


C7 — Nl — C8 


1 ao r* /i \ 

108.9 (2) 


Nl — C7 — Co 


115.3 (2) 


N 1 — C7 — H7A 


1 AO yl 

108.4 


Co — C7 — H7A 


1 ao /I 

108.4 


tl t 1 /~n inn 

Nl — C7 — H7B 


108.4 


Co — C7 — H7B 


108.4 


TT"7 A TTTTI 

H7A — C7 — H7B 


107.5 


XT1 /"I o Pin 

Nl — C8 — C20 


1 i r\ i /1 \ 

H0.2 (3) 


Nl — C8 — C9 


lll.O (2) 


PI /\ p O /""1ft 

C20 — C8 — C9 


111. 2 (3) 


XT 1 /"~iO T TO 

Nl — C8 — H8 


1 no 1 

108.1 


/— 1 1 l\ /nn TTO 

C20 — C8 — H8 


108.1 


/~in no tto 

C9 — C8 — H8 


108.1 


f • o / < ft p i f\ 

C8 — C9 — CIO 


1 1 A O /I \ 

110.8 (3) 


p o r^n tth a 

Co — C9 — H9A 


1 AD C 

109.5 


CIO — C9 — H9A 


109.5 


C8 — C9 — H9B 


109.5 


CIO — C9 — H9B 


109.5 


tta * i~^c\ r in T"> 

H9A — C9 — H9B 


1 AO 1 

108.1 


Cll — CIO — C9 


110.0 (3) 


Cll — CIO — HI OA 


109.7 


p r\ p 1 ft TT 1 A A 

C9 — CIO — HI OA 


1 AA T 

109.7 


t~" 1 1 /" I A TT1 AT) 

Cll — CIO — H10B 


109.7 


C9 — CIO — HI OB 


109.7 


HI OA— CIO— HI OB 


108.2 


CIO— Cll— Cl2 


110.2(2) 


f ' 1 f\ f ' 1 1 p 1 o 

CIO — Cll — C13 


1 1 A 1 /I \ 

110.3 (3) 


Cl2 — Cll — Cl3 


111.4 (3) 


f • i /~\ p i 1 T T 1 1 

CIO — Cll — Hll 


108.3 


ri i ^ p | 1 TT11 

C12 — Cll — Hll 


1 AO 1 

108.3 


p / /-ii PI /""ll 

Co — CI — C2 — C3 


-0.2 (5) 


/-ii i pi p i P") 

Cll — CI — C2 — C3 


-179.1 (3 


C 1 — C2 — C3 — C4 


-0.6 (5) 


C2— C3— C4— C5 


0.5 (5) 


C3— C4— C5— C6 


0.5 (5) 


C4— C5— C6— CI 


-1.2 (4) 


C4— C5— C6— C7 


175.6(3) 


C2— CI— C6— C5 


1.0(4) 



f ^ i i /-i -1 -> t T 1 1 Z" 1 

Cll — C13 — H13C 


109.5 


T T 1 1 A /~1 1 o t T 1 1 

HI 3 A — C13 — H13C 


109.5 


T T 1 1 T1 1 ^> T T 1 "1 /" < 

H13B — C13 — H13C 


109.5 


C15 — C14 — C19 


1 1 O 1 /I \ 

118.2 (3) 


Z" 1 1 C / ^ 1 A f ^ 1 1 

C15 — C14 — C12 


1 1 A A /") \ 

120.4 (3) 


C19 — C14 — C12 


121.4 (3) 


C14 — C15 — C16 


111 1 /I \ 

121.3 (3) 


/~1 -1 < /—l If- TT1 f 

C14 — C15 — H15 


119.3 


Z" 1 1 /" f ' 1 C TI1 C 

Cl6 — C15 — Hl5 


119.3 


C17 — C16 — C15 


1 i n i /i \ 

120.2 (3) 


/~1 1 *7 /"I 1 ^ TT1 /" 

C17 — C16 — H16 


1 1 A A 

119.9 


/~1 1 f /—I 1 ^ IT1 / 

Cl5 — Cl6 — Hl6 


119.9 


f • i o l~ A 1 "7 /" 1 /- 

C18 — C17 — C16 


1 1 A ") /I \ 

119.3 (3) 


C18 — C17 — H17 


1 1A A 

120.4 


/-i 1 /" /^ 1 ill n 

C16 — C17 — H17 


120.4 


C17 — C18 — C19 


1 i n "7 /i \ 

120.7 (3) 


f i ^ p -jo T T 1 O 

C17 — C18 — H18 


119.6 


/"• | i\ P10 TT10 

Cl9 — C18 — H18 


lift/ 

119.6 


Cl4 — Cl9 — Cl8 


1 i n i /*> \ 

120.2 (3) 


/~i -i < /—i i r\ T T 1 A 

C14 — C19 — H19 


119.9 


/"MO /"<1A TT1A 

C18 — C19 — H19 


1 1 A A 

119.9 


C25 — C20 — C21 


117.6 (3) 


C25 — C20 — C8 


111 "l /i \ 

122.3 (3) 


C21 — C20 — C8 


1 i f\ 1 /i \ 

120.1 (3) 


C22 — C2 1 — C20 


111 1 /"> \ 

121.1 (3) 


C22 — C2l — H2l 


119.4 


/" 11 /"\ /— 11 1 TT11 

C20 — C2l — H2l 


119.4 


/"111 /""111 n^i 

C23 — C22 — C2 1 


1 1 A A /") \ 

119.9 (3) 


r"n i^o^> ttii 

C23 — C22 — H22 


1 OA 1 

120.1 


y — ' /-\ 1 y 11 T T1 1 

C21 — C22 — H22 


120.1 


/—in /-ill /"ii /i 

C22 — C23 — C24 


119.6 (4) 


/"<11 P11 TT1") 

C22 — C23 — H23 


1 1A 1 

120.2 


/~1 1 ^ P11 TT11 

C24 — C23 — H23 


1 1A 1 

120.2 


C25— C24— C23 


120.4 (3) 


/"'IC pi /l TT1/1 

C25 — C24 — H24 


119.8 


C23— C24— H24 


119.8 


/— 11,4 Pic nin 

C24 — C25 — C20 


121.4 (3) 


pi ,4 PIC TT1C 

C24 — C25 — H25 


119.3 


Pin PIC TT1C 

C20 — C25 — H25 


119.3 


CIO — Cll — C12 — Nl 


C A H / A\ 

54.7 (4) 


C13— Cll— C12— Nl 


177.5 (3) 


C10— Cll— C12— C14 


177.1 (3) 


C13— Cll— C12— C14 


-60.1 (3) 


Nl— C12— C14— C15 


52.4 (4) 


Cll— C12— C14— C15 


-71.3 (4) 



Nl— C12— C14— C19 -129.9(3) 
Cll— C12— C14— C19 106.5(4) 
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P i i /-ii p/r c 

Cll — CI — Co — C5 


1 in a /t\ 

179.9 (2) 




pin 1 A n r p 1 f._ 

C19 — C14 — CI 5 — C16 


A H /C\ 

-0.7 (5) 


C2 — CI — Co — C7 


-175.9 (3) 




Cl2 — Cl4 — CI 5 — C16 


177.1 (3) 


Cll — CI — Co — C7 


1 A //I \ 

3.0 (4) 




p< i a pic f ' i /. rn 

C14 — CI 5 — Clo — C17 


-1.3 (6) 


C12 — N 1 — C7 — Co 


—131.3 (2) 




C 1 5 — C 1 6 — C 1 7 — C 1 o 


2.0 (6) 


Co — N 1 — C7 — Co 


105.4 (3) 




/"Mzr pn ni o pi a 

Clo — C17 — CI 8 — C19 


A O ( C\ 

-0.8 (6) 


/-if P/T Ml 

C5 — Co — C7 — N 1 


11 A / A\ 

1 1 .4 (4) 




pi r P 1 A p 1 l\ PIO 

C 1 5 — C 1 4 — C 1 9 — C 1 o 


1 A ( C\ 

1.9 (5) 


C 1 — Co — C7 — N 1 


-171.9 (3) 




pn p i /i p 1 n pio 

C 1 2 — C 1 4 — C 1 9 — C 1 o 


1 7f A /'>\ 

-175.9 (3) 


C 1 2 — N 1 — C o — C2 0 


1 71 A /1\ 

177.9 (2) 




PH PIO P|A P 1 /I 

C 1 7 — C 1 o — C 1 9 — C 1 4 


-1.2 (6) 


C / — JN 1 — Co — C20 


— ol.z (3) 




xn p o pin po c 
JN 1 — Co — C20 — C25 


— o9.o (4) 


p i -> \ti p o pa 

C12 — Nl — Co — C9 


54.3 (3) 




P l\ PO PAA pif 

C9 — C8 — C20 — C25 


53.7 (4) 


C7 — N 1 — Co — C9 


1 TC 1 /"J\ 

175.2 (3) 




N 1 — C8 — C20 — C2 1 


1 1 A O 

110.8 (3) 


xti /"<o /" < n n a 

N 1 — Co — C9 — C 1 0 


-56.3 (3) 




C9 — C8 — C20 — C2 1 


1 1 C T /"? \ 

-125.7 (3) 


c z u — c o — c 9 — c i o 


— 1 /9.4 (Z) 




nrt /rii /^oi 

C25 — CzU — C2 1 — C2z 


A A /C\ 

0.9 (5) 


C 8 — C 9 — C 1 0 — C 1 1 


5o.l (3) 




/~>o pin /sii r"ii 

Co — C20 — C21 — C22 


-179.6 (3) 


CQ r^n P1 1 P1 9 
v / — v^- iu — 1 i — \^ 1Z 


— 1 (A\ 
DO. 1 yr) 




Cl(\ P91 Cll C1T, 


U.O ) 


C9— CIO— Cll— C13 


179.9 (3) 




C21— C22— C23— C24 


0.1 (5) 


C7— Nl— C12— C14 


62.9 (3) 




C22— C23— C24— C25 


0.1 (5) 


C8— Nl— C12— C14 


-176.1 (2) 




C23— C24— C25— C20 


0.2 (5) 


C7— Nl— C12— Cll 


-174.7 (2) 




C21— C20— C25— C24 


-0.8 (5) 


C8 — Nl — C12 — Cll 


-53.7 (3) 




C8 — C20 — C25 — C24 


179.8 (3) 


Hydrogen-bond geometry (A, ") 










Cgl is the centroid of the C20-C25 ring. 










D—R-A 




D — H 


R-A D-A 


D—H-A 


C17— mi-CgY 




0.95 


2.83 3.692 (4) 


151 



Symmetry code: (i) x,y, z+1. 



Acta Cryst. (2012). E68, o2300 



sup-8 



